A hierarchical classification system separating stream habitat into habitat units defined by stream morphology and hydrology was used in a pre-enhancement stream survey. The system separates habitat units into macrounits, mesounits, and microunits and includes a separate evaluation of instream cover that also uses the hierarchical scheme. This paper presents an application of the system to a preenhancement survey of habitat and salmonid populations. Application of this method accompanied by snorkel counts of fish allowed us to determine habitat area, salmonid densities within habitat units, and an estimate of the total salmonid population by species. Differences in salmonid densities among mesohabitat units and among microhabitat units were detected with this method. The method is useful to rapidly describe and stratify stream habitat to determine salmonid distribution and abundance during stream surveys.
We used the method for a pre-enhancement survey of Ward Creek near Ketchikan, Alaska ( fig. 1 ). The objectives of the survey were:
1. To determine the type and area (square meters) of habitat in the surveyed section.
2. To estimate the density of juvenile salmonids by species in each habitat type.
3. To estimate the total number of juvenile salmonids in the section surveyed.
4. To compare densities of salmonids by each species and age group among habitat types.
The results from each of these objectives provided the basis for recommendations for habitat enhancement for the surveyed reach. 
The Study Area
Ward Creek drains about 4,000 hectares with flows regulated by a dam that forms Connell Lake ( fig. 1 ). Mean annual precipitation is 381 centimeters with the highest rainfall occurring during October and decreasing monthly to June.' Precipitation during the winter typically occurs as snow in higher elevations; low flows also occur in winter-January through April. As snow melts in spring and early summer, flows increase. The dam on Connell Lake moderates peak flows; high-flow peaks tend to be short and intense. The lake is the water source for the Ketchikan pulp mill, and summer low flows may be exacerbated by low rainfall and increased water demand by the mill.
Below Connell Lake, the stream flows about 4 kilometers to Ward Lake. From Ward Lake, it flows another 2 kilometers to where it empties into the ocean at Ward Cove.
The outlet is about 1 kilometer south of the Ketchikan pulp mill and is 92 kilometers north of Dixon Entrance. The survey section extends about 3.8 kilometers from the dam at Connell Lake to Ward Lake and is classified as a C-type channel (Marion and others 1987) . The upper part of the section is classified as a C-1 channel-low gradient (0.5-1.5 percent) and moderately incised; this channel flows into a C-2 channel-moderate gradient (1.0-3.0 percent) and moderately incised; the channel then returns to a C-1 channel type. The section entering the lake is classified as a C-3 channel-low gradient, very shallow banks, and a well-developed flood plain.
Because the watershed is subject to heavy use for recreation and sport fishing for adult coho salmon (Oncorhynchus kisutch (Walbaum)) and steelhead trout (O. mykiss), it has been stocked by the Alaska Department of Fish and Game. In the past several years, both coho salmon and steelhead have been stocked in the watershed, primarily below Connell Lake, to improve the sport fishery on the stream. In 1988, over 55,000 coho salmon presmolts and 19,000 steelhead smolts were released into the stream. In spring 1989, 36,700 steelhead smolts were released in the stream. Smolts typically migrate from the stream by mid-June. A summary of hatchery releases from 1980 through 1989 is given in table 1.
Methods
Survey methods for the stream were adapted from Hankin and Reeves (1988); habitat unit descriptions were similar to those of Sullivan (1986) . Our survey of habitat was done in July 1989 and included 4 kilometers of stream from the base of the dam forming Connell Lake to Ward Lake ( fig. 1 ).
Each habitat unit was assigned a number for identification on the data sheet ( fig. 2 ). Reach numbers were assigned to linear channel sections and could include one or more habitat units; for example, several eddy pools could occur along a reach that was primarily a glide or riffle. A single habitat unit such as a large scour pool or riffle could extend over an entire reach. To avoid "microsampling," a minimum size for a habitat unit was established at 4 square meters, or less than one channel width for scour pools. Small units were integrated into the reach unit; for example, step-pool cascades are composed of a series of small pools and falls, and riffles often have small shallow pools associated with them.
Habitat units were separated into a hierarchical system based on stream hydrology. The system used macrounits (pools, fast water, and side channels), mesounits (subdivisions of the macrounits), and microunits, which further divided habitat units (table 2) . Water velocity and direction were the primary criteria used to separate habitat units. Instream cover was described within each habitat unit with a similar hierarchical system that separated cover into two levels: macrounits consisting of wood, rock, or fabricated structures; and mesounits that subdivided the macrounits (table 3) . 
Results

Habitat Distribution
Habitat units were identified, and measured with a tape or sonic distance-measuring device. Area (square meters) was computed from length and width measurements. For most units, one width measurement was taken; for irregular or triangular-shaped units, top and bottom widths were taken to compute an average width. All units were measured.
The cover component was the most subjective description of the channel. Our analysis used the primary feature in the habitat unit to describe cover; however, a secondary feature and occasionally a tertiary feature also were identified. The primary cover component was based on the amount of area it occupied in the habitat unit and its relative importance as cover within the unit; for example, in a habitat unit with a submerged rootwad along the bank of a pool with a gravel substrate, the rootwad would be the primary cover component of that unit.
Fish were counted in every 5th pool unit and every 10th fast water unit during snorkel surveys. The first unit was selected at random, and fish were counted in habitat units selected at regular intervals thereafter. In most cases, a single count was taken for each habitat unit by one diver. When two counts were made by two divers over the complete unit, the counts were averaged to obtain an estimate of the number of fish in the unit. Larger habitat units were divided into smaller sections, and divers made separate counts in each section. The counts were summed to provide a total count for the unit. Although a 100-percent count of all fish was assumed, it is likely that some fish were missed; therefore, the counts represent a minimum population estimate. No correction factor was applied to the counts. Density estimates were based on water surface area. We did not estimate water volume; therefore, no estimate of the number of fish per cubic meter was made.
A one-way analysis of variance (ANOVA) using the general linear models procedure in SAS (1988) was used to compare salmonid densities (number of fish per square meter) among habitat units. A total of 86 observations-estimates of fish density in a habitat unit were made. A separate ANOVA was run for each species and age group. The first set of comparisons was made among fish densities in four habitat units: glides (GL), pools (PL), riffles (RF), and side channels (SC). The second comparison was run on seven units-glides, pools, backwater pools (PL-bw), eddy pools (PL-ed), midchannel scour pools (PL-msc), fast water, and side channels. Statistical significance was set at alpha = 0.05. Differences among mean densities of salmonids by species for habitat units were compared with Tukey's HSD test (Sokal and Rohlf 1969) . All analyses were done by using the SAS statistical package (SAS 1988) .
Where identification of a habitat unit was in question, it was placed into the next higher, more general, classification. Within the fast water habitat, nine cascades were placed into the mesounit, cascade (CS) ( fig. 3 ). Although 16 pools (PL) were placed into the macrounit level, these were probably drawdown pools at the mesounit level and, based on their similarity to scour pools with respect to average size, appeared to be gradations between plunge pools (PL-pp) and scour pools (PL-Isc, PL-mcs), ( fig. 4 ). Backwater pools (PL-bw) tended to be smaller in average size than scour pools but occurred in greater numbers. Side channel habitat units were similar to those in the main stream. Scour pools were larger than backwater pools ( fig. 5 ). Although the total area of all habitat units in the side channels was less than that in the main stream, pools comprised a greater proportion of the total area ( fig. 6 ). Side channel habitat was about 1 percent of the stream area that was surveyed. As expected, the mean sizes of all habitat units in the side channel habitat were smaller than those in the main channel. This reflected the smaller size of the side channel. In the main channel, glides accounted for more area than did any other single habitat type with 27 percent (18,546 square meters), followed by riffles with 26 percent (18,055 square meters) ( fig. 3 ). Eddy pools comprised less than 4 percent of the area (2,347 square meters), but they were the most abundant habitat unit throughout the survey reach. A total of 97 eddy pools were identified throughout the study area. A total of 71 riffles were counted. Six pool microhabitat units, not including side-channel pools (SC-pl) or unclassified pools (PL), were identified ( fig. 3 ). The total pool habitat, including unclassified pools, comprised 40 percent of the area (28,286 square meters). Cascade habitat comprised 5 percent (4,085 square meters).
Drawdown pools (PL-mcs and PL-pp) were larger than other habitat units ( fig. 4) . These pools generally are formed by scour. Without large wood present to fragment the stream and retain gravel, scour pools tended to be larger than other pool units. Backwater pools (pools formed by obstructions) were smaller and usually associated with rock outcrops along the bank. Backwater pools also were associated with small tributary confluences and secondary channels. Eddy pools tended to be the smallest habitat units and frequently were associated with boulders or bedrock outcrops along the bank. In other streams, these are typically associated with large wood or rootwads.
Fast-water habitat units (cascades and riffles) were small to intermediate in mean size ( fig. 4) . The mean size of riffle units was relatively small. The size of the riffles was influenced by channel gradient and the frequency of obstructions, primarily bedrock intrusions. Few riffles were observed that were caused by embedded logs across the channel. Cascades typically were associated with bedrock or boulders.
Step-pool cascade (CS-sp) habitat generally was composed of a composite of small-less than 1 channel width-falls, plunge pools, and eddy pools.
Large wood (LW) was a minor part of the cover component throughout the survey section of Ward Creek and was influential in less than 2 percent of the total habitat area. Five habitat units had rootwads as the primary habitat component ( fig. 7 ). 
Salmonid Distribution and Abundance
Bedrock (BR) was the predominant cover characteristic in more than 22,000 square meters of the stream area, or about 32 percent of the total area ( fig. 7) . Cobble (C) and gravel (GR) combined was associated with about 40,000 square meters or 57 percent of the area in the stream.
The small amounts of woody debris in the survey section were not unexpected given the general channel morphology. Typically, C-1 and C-2 channel types have low amounts of woody debris (Bryant and others 1991) . Most of the stream channel is constrained with moderate to steep banks that will channelize and intensify high-flow velocities and increase stream power. This will result in low retention of woody debris in the channel. In addition, streamside vegetation was comprised of smaller western hemlock (Tsuga heterophylla (Raf.) Sarg.) and Sitka spruce (Picea sitchensis(Bong.) Carr.) (<1 meter in diameter at breast height), which tend to be less stable when entering the stream.
The total number of salmonids in the survey reach, extrapolated from mean densities of each species for a habitat unit and the total habitat unit area, was 45,965 fish (table 4) . More than 69 percent were coho salmon, and of these, 48.2 percent were fry. Steelhead trout comprised 30 percent of the total. The estimates are considerably lower than the number of coho salmon and steelhead trout smolts that were stocked in spring 1988 and 1989. It is likely that most of the stocked smolts left the system before the survey in July 1989, and we suspect that a high percentage of both coho salmon and steelhead fry were produced by returning adult salmon. We did not attempt to differentiate between stocked and naturally spawned fish. Comparison among mesohabitat units (PL, GL, RF, and SC) followed a similar trend with significant differences among habitat units for coho salmon fry and parr (table 6 ). Significant differences were not detected among mesohabitat units for Dolly Varden or steelhead. Tukey's HSD test of means showed significant differences (P<0.05) for coho salmon fry densities between pool and riffle habitat, and between side channels and riffles for coho salmon parr. Generally the highest densities of all salmonids were found in pools, but side channels were important for coho salmon parr ( fig. 8 ). Coho salmon fry and parr were found in the widest range of habitat units throughout the stream ( fig. 8 ). Steelhead fry and parr were more common in riffles, glides, and scour pools than in other habitat types ( fig. 9 ). Higher densities of steelhead fry and parr were observed in riffles than any other species. Dolly Varden {Salvelinus malma (Walbaum)) fry were found in the fewest habitat types ( fig. 10 ). Fast-water habitat generally supported the lowest densities of all salmonids. Side-channel habitat supported higher densities of coho salmon parr than did mainstream habitat. Dolly Varden fry and parr were not observed in side-channel habitat ( fig. 10 ).
Low densities of both steelhead and Dolly Varden were observed throughout most habitat units in the survey section (figs. 9 and 10). The low densities of Dolly Varden and steelhead fry may be partly due to their small size, which made them difficult to detect during the snorkel surveys. Although many fry may not have been counted, the parr were easy to detect and also were low in abundance. The highest densities of Dolly Varden parr were observed in dammed pools, with a mean density of 0.029 fish per square meter ( fig. 10 ). The high density of steelhead fry in midchannel scour pools may be attributed to a large school counted in a single pool about 500 meters upstream from Ward Lake. In general, steelhead appear in higher densities in fastwater habitat than do the other two species. In all cases, the variability of densities in each habitat unit was high because no fish were observed in several units.
The data were insufficient to statistically compare differences among cover types and fish densities, but higher mean densities offish usually were observed associated with woody debris, either stash or large wood, with the exception: of coho salmon fry and Dolly Varden parr (figs. 11-13). Highest densities of coho salmon fry were observed in bedrock habitat (fig; it) , and highest densities of Dolly Varden parr were observed in gravel dominated habitat. Large wood accumulations were not common in Ward Creek, and only one habitat unit with slash was sampled;
Discussion
Densities of coho salmon fry in Ward Creek ranged from 0.04 to 1.70 fry per square meter, which was slightly lower than densities observed in similar systems; however, parr densities ranged from 0.01 to 1.1 parr per square meter, which were close to the range of densities observed for other C-1 and C-2 channels (Bryant and others 1991) . Densities of coho salmon fry and parr in C-1 and C-2 channel types ranged from 0.106 to 3.12 fry per square meter and from 0 to 0.687 parr per square meter in a set of streams surveyed during midsummer 1986 in southeast Alaska (Bryant and others 1991) . Densities of coho salmon in pool habitat in Maybeso Creek, a logged watershed on Prince of Wales Island, ranged from 0 to 1.057 fry per square meter and from 0.119 to 4.4 parr per square meter. In Maybeso Creek, the highest densities of parr were found in backwater pools (4.4 per square meter) and eddy pools (1.06 per square meter). Scour pools supported the lowest densities. 2 The low densities of coho salmon observed in Ward Creek may be attributable to low volumes of woody debris in the stream, but highest densities of coho salmon parr in both streams were found in the small eddy pools or off-channel backwater pools (that is, side channels) in both Ward Creek and Maybeso Creek. This suggested that the hydraulic characteristics of these habitat types are preferable to other types (scour pools and riffles) for coho salmon. Tables 2 and 3 are adapted from a dichotomous key developed for field use. Habitat units described in table 2 were relatively easy to identify, and most of the criteria have been measured in detail by Sullivan (1986) . We modified and simplified the criteria for field use after several trials in the field. For the most part, all the habitat units including the microunits were easy to identify and measure. Although pools and cascades were often relatively easy to distinguish, riffles and glides tended to be less distinct. In the survey of Ward Creek, glides were distinguished by an even, relatively uniform stream bottom, uniform width, and unbroken surface. Low-gradient boulder riffle units were not identified, and if they occurred they were grouped either as a riffle-if the water depth was shallow, with more than 15-20 percent of the substrate breaking the water surface-or a glide. The predominance of glides in Ward Creek may reflect the lack of woody debris in the stream.
Glides comprised a disproportionate amount of the area in Ward Creek in comparison to other streams in southeast Alaska (see footnote 2) and in the Pacific Northwest (Bisson and others 1981). Glides comprised 27 percent of the habitat in Ward Creek, whereas Bisson and others (1981) observed glides in less than 10 percent of the area of the streams they surveyed in Oregon. Similar observations were found in surveys of Maybeso Creek in 1988 (see footnote 2) and in two streams surveyed in the White Mountains of New Hampshire (Bryant 1988) . Although pools comprised more than 50 percent of the habitat in streams surveyed by Bisson and others (1981) , large wood was a major component of the habitat.
The survey of cover components of Ward Creek showed that woody debris has little influence on the stream channel. In comparison to other systems in the area, Ward Creek has low densities of debris-controlled habitat and apparently has low potential for its development. Similar densities of large woody debris were observed in Indian Creek, an undisturbed (in the surveyed section) watershed on Prince of Wales Island, but densities of woody debris in both Indian and Ward creeks were lower than in Maybeso Creek (Bryant 1985) . The surveyed section on Indian Creek, like Ward
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Creek, has an incised, constrained channel. The absence of large wood in the stream appears to be related to the potential stream power (a function of channel morphology and water flows) and the type of streamside vegetation. Both factors indicate that limited opportunities are available for using woody debris to improve salmonid habitat in Ward Creek.
Side channels, although a smaller proportion of the stream, supported proportionately more coho salmon juveniles. Because this has been a common observation in other surveys, side-channel habitat was separated at the macrounit scale, and microunits were identified within the side-channel reach. The highest densities of coho salmon parr were observed in the side-channel habitat of Ward Creek. This habitat in streams such as Ward Creek is similar to that in small tributary streams that are usually associated with coho salmon rearing habitat.
One of the more important uses of a stream habitat classification system is to stratify stream area by fish densities. In the Ward Creek survey, we were able to detect differences among habitat units at two levels, the microunit and mesounit levels, in spite of a relatively wide variation among density estimates of all species of fish. By using the area and frequency of each habitat unit, we were able to rapidly estimate the number of fish by species in the survey section.
The survey of about 4 kilometers of stream was completed in less than 4 days with a crew of four people. It provided a description and enumeration of the available habi-tat in the stream as well as an estimate of the salmonid population in the surveyed section. For the most part, all units were identified to the microunit scale. Those that could not be identified at the microhabitat unit were identified at the next higher level. Furthermore, the system provided a method to stratify salmonid populations to obtain a total population estimate of the survey section. Additional work remains to refine some of the microunit classification criteria. 
